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PROBLEM TO BE SOLVED: To form a tungsten plug at high through-put 
and high selectivity without producing nonvolatile titanium 
f luor ide. 

SOLUTION: In a manufacturing method of a semiconductor device 
provided with a TiN film 4 formed inside a contact hole 3 formed in 
an insulation film 2 and a tungsten film 5 formed on the TiN film 
4, the tungsten film 5 is so etched as to bury the contact hole 3 
by the tungsten film 5 at a temperature of 30°C or higher by using 
plasma wherein gas containing fluorine is excited. Thereafter, the 
TiN film 4 is etched at a temperature not exceeding 0°C by using 
plasma wherein gas containing chlorine is excited. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A semi-conductor substrate and the insulator layer which comes to puncture the contact hole which is formed on said semi- 
conductor substrate and contains said semi-conductor substrate on a base, The 1 st film which was formed on the inside of said contact hole, 
and said insulator layer and which contains Ti at least, In the manufacture approach of the semiconductor device which is the manufacture 
approach of a semiconductor device equipped with the tungsten film which it comes to form above said 1st film, and etches said the 1st 
film and said tungsten film The 1st process etched into extent to which said contact hole is buried with said tungsten film using the plasma 
which excited the gas which contains a fluorine for said tungsten film at the temperature of 30 degrees C or more, The manufacture 
approach of the semiconductor device characterized by having the 2nd process etched using the plasma which excited the gas which 
contains chlorine for said 1 st film at the temperature of 0 degree C or less after said 1 st process. 

[Claim 2] the manufacture approach of a semiconductor device according to claim 1 the gas which is and contains said fluorine ~ SF6 
The manufacture approach of the semiconductor device characterized by being mixed gas with Ar. 

[Claim 3] the manufacture approach of a semiconductor device according to claim 1 - the gas which is and contains said chlorine ~ C12 
The manufacture approach of the semiconductor device characterized by being mixed gas with Ar. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the approach of etching the cascade screen containing the film which was 
formed in the contact hole and which contains Ti at least, and the tungsten film which it comes to form above the film containing this Ti 
about the manufacture approach of a semiconductor device. 
[0002] 

[Description of the Prior Art] Hereafter, the case where a tungsten plug is formed in a contact hole in an parallel monotonous mold etching 
system is explained as an example of the conventional technique. The BPSG film 22 is deposited by CVD (chemical vapor deposition) on a 
silicon substrate 21, the photoresist (un-illustrating) of a contact hole pattern is formed, this is made into a mask, opening of the contact 
hole 23 for performing reactant (reactive) ion etching using the mixed gas of CF4, CHF3, and Ar, and connecting with the upper wiring is 
carried out, and drawing 2 (a) is 02. The condition of having ashed the photoresist by plasma treatment and having removed is shown. 
[0003] Drawing 2 (b) is the sectional view of the silicon substrate 21 when forming the TiN film 24 1000A of thickness by sputtering, and 
forming the CVD-tungsten film 25 6000A of thickness on it further. 

[0004] In this case, although a silicon substrate 21 is carried in to the reaction chamber of an parallel monotonous mold etching system and 
anisotropic etching is performed, this etching is performed at a total of two steps shown below. 
[0005] namely, ~ The tungsten film 25 is first etched the following condition as step 1 . 

The gas used and a flow rate: SF6/Ar=l 10/90 seem etching pressure : 500 mTorrRF power : 400 W lower electrode temperature : -10 
degrees C or 40 degrees C [0006] The temperature of a lower electrode (un-illustrating) for drawin g 2 (c) and (c') to set up the temperature 
of a silicon substrate 21 prepared in the parallel monotonous mold etching system shows the sectional view of the silicon substrate 21 at the 
time of -10 degrees C and 40 degrees C, respectively. 

[0007] Then, the TiN film 24 is etched the following condition as step 2. In this case, etching processing is ended in the place which 
converted into TiN thickness and carried out over-etching of 1000A. 

The gas used and a flow rate: C12/Ar=50/50 seem etching pressure : 425 mTorrRF power : 400 W lower electrode temperature : -10 
degrees C or 40 degrees C [0008] Drawing 2 (d) and (d') show the cross section of the silicon substrate 21 prepared in the parallel 
monotonous mold etching system in case the temperature of the lower electrode (un-illustrating) for a silicon substrate 2 1 being laid and 
setting up the temperature of a silicon substrate 21 is -10 degrees C and 40 degrees C, respectively. 

[0009] As mentioned above, the tungsten plug 125 was formed from the cascade screen containing the tungsten film 25 and the TiN film 24 

by performing etching of step 1 and step 2. 

[0010] 

[Problem(s) to be Solved by the Invention] In the formation approach of the tungsten plug by the conventional technique, if it etches by 
maintaining silicon substrate 21 temperature at low temperature 0 degree C or less, the impact of the TiN front face will be carried out with 
fluorine ion at the time of over-etching of step 1, and as shown in drawing 2 (c), the titanium fluoride 26 which is an etching product of a 
non- volatile will be generated. 

[001 1] For this reason, since said titanium fluoride 26 served as a mask and the etch residue of the TiN film 24 occurred at the time of dirty 
of the TiN film 24 in step 2 as shown in drawing 2 (d), there was a problem that the short-circuit during wiring took place. 
[0012] Moreover, in order to avoid the above-mentioned problem, if it etches by maintaining the temperature of a silicon substrate 21 at an 
elevated temperature 30 degrees C or more, as shown in drawing 2 (c'), the titanium fluoride 26 will volatilize, but at the time of etching of 
the TiN film 24 of step 2, as shown in drawing 2 (d'), the film (BPSG film 22) selection ratio for a substrate will fall, and the substrate film 
will be etched beyond the need. 

[0013] For this reason, the field dry area 27 was generated, or film 25 for a tungsten selection ratio fell, and there was a problem of making 
the amount of the hollow 28 of the final tungsten plug 125 increase. 

[0014] This invention aims at offering the manufacture approach of the semiconductor device which can perform etching of the TiN film 

near the contact hole, and the tungsten film good in view of the above-mentioned trouble. 

[0015] 

[Means for Solving the Problem] The insulator layer which comes to puncture the contact hole which the manufacture approach of the 
semiconductor device of this invention is formed on the semi-conductor substrate and said semi-conductor substrate, and contains said 
semi-conductor substrate on a base, The 1st film which was formed on the inside of said contact hole, and said insulator layer and which 
contains Ti at least, In the manufacture approach of the semiconductor device which is the manufacture approach of a semiconductor 
device equipped with the tungsten film which it comes to form above said 1st film, and etches said the 1st film and said tungsten film The 
1st process etched into extent to which said contact hole is buried with said tungsten film using the plasma which excited the gas which 
contains a fluorine for said tungsten film at the temperature of the range of 30-80 degrees C, It has the 2nd process etched using the plasma 
which excited the gas which contains chlorine for said 1st film at the temperature of the range of 0-60 degree C after said 1st process. 
[0016] moreover, the place by which it is characterized [ of this invention / other ] - the manufacture approach of a semiconductor device 
according to claim 1 - the gas which is and contains said fluorine - SF6 It is characterized by being mixed gas with Ar. 
[0017] moreover, the place by which it is characterized [ of others of this invention ] - the manufacture approach of a semiconductor 
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device according to claim 1 - the gas which is and contains said chlorine — C12 It is characterized by being mixed gas with Ar. 
[0018] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 implementation of the manufacture approach of the semiconductor device of this 
invention is explained with reference to a drawing. Drawing 3 is a schematic diagram of the usual parallel monotonous mold etching 
system used in the gestalt of this operation. This parallel monotonous mold etching system has two etching chambers 3 1-32 of an parallel 
monotonous mold, and these are connected through the buffer room 33. 

[0019] Moreover, the load cassette room 34, the wafer alignment room 35, and the unload cassette room 36 are connected to the buffer 
room 33, and a processing wafer can be conveyed now where evacuation also of any is carried out. 

[0020] a processing wafer - the carrier robot 37 of the buffer room 33 - the load cassette room 34 -> wafer alignment room 35 ~ it is 
conveyed by the -> etching chamber 31 -> etching chamber 32 -> unload cassette room 36 and sequence, and etching processing is 
performed in the etching chamber 31-32. 

[0021] Drawing 1 is the sectional view of a silicon substrate 1 showing the situation when carrying out this invention. The BPSG film 2 is 
deposited by well-known CVD on a silicon substrate 1 , the photoresist (un-illustrating) of a contact hole pattern is formed, this is made into 
a mask, opening of the contact hole 3 for performing reactant (reactive) ion etching using the mixed gas of CF4, CHF3, and Ar, and 
connecting with the upper wiring is carried out, and drawing 1 (a) is 02. Signs that ashed the photoresist by plasma treatment and it 
removed are shown. 

[0022] Drawin g 1 (b) is the sectional view of the silicon substrate 1 when forming the TiN film 4 about 1000A of thickness, and forming 
the CVD-tungsten film 5 about 6000A of thickness on it further by well-known sputtering. 

[0023] The silicon substrate 1 was carried in to the etching chamber 3 1 of drawing 3 , and it etched on condition that the following as step 

1. The amount of etching was converted into tungsten film 5 thickness, and was 7000A. 

The gas used and a flow rate: SF6/Ar=l 10/90 seem etching pressure : 500 mTorrRF power : 400 W lower electrode temperature : 40 
degrees C [0024] Drawing 1 (c) is the sectional view of the silicon substrate 1 at this time. Thus, generating of the titanium fluoride of a 
non- volatile can be controlled by etching by setting the temperature of a lower electrode (un-illustrating) as 40 degrees C. 
[0025] Then, the silicon substrate 1 was taken out from the etching chamber 31, and it carried in to the etching chamber 32 of drawing 3 , 
and etched on condition that the following as step 2. The amount of etching was converted into TiN film 4 thickness, and was 2000A. 
The gas used and a flow rate: C12/Ar=50/50 seem etching pressure : 425 mTorrRF power : 400 W lower electrode temperature : -10 
degrees C [0026] Drawing 1 (d) is the sectional view of the silicon substrate 1 at this time. Thus, since the etch selectivity to the TiN film 4, 
the tungsten film 5, and the BPSG film 2 becomes high by etching by setting lower electrode temperature as -10 degrees C, generating of 
the field dry area of the BPSG film 2 and superfluous etching of the tungsten film 5 can be controlled good. 
[0027] In the gestalt of the above-mentioned implementation, lower electrode temperature which made lower electrode temperature 
prepared in the chamber 3 1 in step 1 40 degrees C, and was prepared in the chamber 32 in step 2 was made into -10 degrees C. However, 
the lower electrode temperature in step 2 should just be 0 degree C or less in temperature that the lower electrode temperature in step 1 
should just be 30 degrees C or more in temperature. 

[0028] Preferably, in step 1, one temperature of the range of 30-80 degrees C of the temperature requirement of said lower electrode 
temperature is good, and one temperature of the range of **0-60 degrees C of the range of said lower electrode temperature is good in step 

2. When it etched at the temperature of these range, it was admitted that the almost same result as the gestalt of the 1st operation mentioned 
above was obtained. 

[0029] As shown in drawing 1 (e), after forming conductive ingredients, such as aluminum, the whole surface on a tungsten plug top and 
BPSG by the approach usually performed finally, patterning is carried out, and the upper wiring layer 6 is formed so that it may connect 
with a tungsten plug. 

[0030] The manufacture approach of the semiconductor device of the gestalt this operation can be etched into a high throughput, without 
[ since the temperature of the semi-conductor substrate at the time of etching was controlled to the predetermined temperature requirement 
as mentioned above, without it generates a titanium fluoride, and ] causing superfluous etching of the tungsten film in the field dry area of a 
substrate insulator layer, or a contact hole. Thereby, the manufacture approach of the semiconductor device of the high yield is realizable. 
[0031] Next, the case where contact resistance is reduced as a gestalt of the 2nd operation by preparing about 200A Ti film (un-illustrating) 
and the TiW film (un-illustrating) of thickness in the lower layer of the TiN film 4 is explained. In this case, it checked that the same result 
was obtained by transposing the TiN film 4 used with the gestalt of the 1st operation to a TiN/Ti cascade screen and a TiN/TiW cascade 
screen, converting the amount of etching at the time of etching of step 2 into TiN film 4 thickness, and giving it about 3000A. 
[0032] 

[Effect of the Invention] It can etch into a high throughput, without [ without it generates a titanium fluoride according to this invention 
since the temperature of the semi-conductor substrate at the time of etching was controlled to predetermined temperature as this invention 
was mentioned above, and ] causing superfluous etching of the tungsten film in the field dry area of a substrate insulator layer, or a contact 
hole. Thereby, the manufacture approach of the semiconductor device of the high yield is realizable. 



[Translation done.] 
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